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ERRATA AND AUTHORS* EMENDATIONS 

Pace 103, line 15, “C 1 3879” should read "C I 5879.” 

Pace 104, line 19, ^'C I 4103 "should read "C 1 4013." 

Page 161, line 31 , “A. labena n. sp." should read " Labma n, sp." 

Page 168, the cuts oi figures 1 and 2 should be transposed. 

Page 3agr^44. throughout the paper “Pegomyia a^is Stein,’’ should read "Pt^omyia vandvu 
Malloclt 1919." 

Page 248, Table III, cnlumn 2, line ii, "4% " should reatl ‘'3f»." 

Page 252, Plate 31, A, should hr inverted. 

Page 260, Table I, the figures in column 2 should read, from toj) to bottom, "1-39, r.94, 1.89, .24, .23, .21. 
.17. .19. ar, .55"; the figures in column 3 should read " 50, ,10, .17, 05. .10, ,11, .10. Trace, .03, ,10.” 

Page 2fi, line 10. "0.27'' should read ‘‘0 26" and "0.17" should lead "o.oS." 

Page 280, rjarag.aph 2, line 13, "41, B". should read "40, A " 

Page 283, ruragraph 2, line j, "38, D” should read "38, C " 

Page 386, paragraph 3, line ii, "tube" should read "tuber.” 
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Nitrates, Nitrification, and Ractekial Contents of Five T^T1CAE Acid 
Soils as Affected by Lime, I'HRTn.iziiR, Crops, and Moistcrk 

•Plate i. Representative plates from i to 400,000 bacterial <lihitiuri of acid 
yellow silty clay, cropped and held under optimum moisture conditions; 

A.— Aerobic plates, untreated. IC Aerobic plates, treated with .* tons 
of calcium Ciirboiiate. C -Aembic plates, treated with complete ferli 
lizer. D. — Aerobic plates, treated uith complete fertilizer and : tons of 
calcium carbonate, K.-— Aerobic plates, treated witli complete fertilizer 

and 6 tons of calcium c^irlxinate 4i 

Plate 2 . Representative plates from i to 400,000 bacterial dilution of aei<l 
whitish silt loam and acid brouii silt loam croppetl and held untier opti- 
mum moisture conditions; A. — Acn)bic plates, acid ^vhili,sh sill loam, 
untreated. B,— Aerobic plates, acid whitish silt Lkuii, treated with 4 tons 
of calcium ciirlxjnate. C. -Aerobic plates, acid whitish silt loam, treated 
with 500 pounds of acid pht)sphate. D. — Aeml)ic plates, acid bniwii silt 
loam, untreated. K —Acrdbic plates, acid Itroun silt It)urn. treatetl witli 
3 tons of calcium cariwnate. F.— Aerobic plates, acid bnjwii silt loam, 
treated with 500 pounds of acid phosphate. G, -.Anaerobic ])lales. acid 
brown silt loam, untreated. H.— Anaerobic idates, acid brown silt loam, 
treated with 3 tons of calcium carl)onate. I.— Anaembic plates, acid 

brown silt loam, treated with 500 pounds of acid phosphate 4a 

Plate 3. Representative plates from i to 400,000 bacterial dilution of acid 
black peaty sand, cropped and held under optimum moisture conditions; 

A. — ^ Aerobic jdates, untreatetl, B. — Aerobic plates, treated witli :: Pjns 
of calcium carl>onatc, C,— Aerobic plates, treated uitii comjiUde ferti- 
lizer, D,— z\en)bic plates, treated with complete fertilizer and z tons of 
calcium carlxjnatc. E,— Aerobic plates, treated with complete fertilizer 
and 6 tons of calcium carlxjnatc. F. — zAnaerf)bic plates, treated with 
complete fertilizer, G. — Anaerol)ic plates, treated with ajniplcle ferti- 
lizer and 2 tons of calcium carlxmate. H.— Anaeroldc plates, treated with 

complete fertilizer and 6 tons of calcium carbonate 43 

Plate 4. Representative plates from i to 400,000 bacterial dilution of acid 
dark-brown peat, cropped and held under optimum moisture conditions: 

A. — Aerobic plates, untreated. B. — Aerobic plates, treated with 2 tons 
of calcium carlxmate. C, — Aerobic plates, treated with 20 tons of cal- 


cium carbonate. D.— Anaerobic plates, untreated. E. -Anaerobic 

plates, treated with 2 tons of calcium carbonate. F. — Anaerobic plates, 
treated with 20 tons of calcium carbonate 43 


Plate 5. Representative plates from i to 40,000 bacterial dilution of acid 
yellow sUty clay kept at different moisture contents; A2.— Aerrjbie plates, 
from soil kept one-half saturated. H;,.— Anaerobic plates^^fnyn s^iil kept 
one-half saturated. C^.— Aerobic plates of carlzon-diox id -surviving organ- 
isms from soil kept one-half saturated. A;{. — Aerobic plates from soil kept 
fully saturated. Hj. — Anaerobic plates from soil ^kept fully saturated. 

C,.— Aerobic plates of carbon-dioxid-sur\’iving organisms ^rom soil kept • 
fully saturated 4 * 
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Plate 24. A.— Effect of barium on the growth of cow peas with and without 
calcium cartjonate. B. — Stimulating effect of barium on root growth of 
cowpeas. C.— Effect of barium on the growth of soybeans 194 
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Plate 25. A. — A tobacco leaf showing an early stage of the angular-leafspot. 

H. — Angular leaf spots on a tobacco leaf 228 
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calyptraia. C. — Eggs of Peyo 7 nyia calyplrata. D, — A small mine on Rum ex 
leaf, showing the original linear mine and the beginning of the blotch mine. 
E. — Atypical mine on Rumex ob ius if olius produced by the larva of Pego- 
tnyia calyptrata, F.— A monstrosity, an adult P, calyptrata issuing feet first 
from its puparium. G. — A typical mine on Rwnex crispus produced by 
the larva of Pegomyia calyptrata. H. — A mine on Rumex obtrusi/olius, pro- 
duced by a nearly mature larva entering a new leaf to complete its develop- 
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Plate 29. A.— Fiske cages, used in studying the adult flies of Pegomyia spp., 
showing the arrangement in outdoor insectary. R. — Glass cylinder cage, 
used in studying habits of adult flies. C.— Fiske cage, used in studying 
habits of adult flies 244 


Plate 30. A. — Ventral aspect of posterior segment of larva of Pegomyia ajjinis, 
showing lobes and anal opening. B.— Lateral aspect of posterior segment 
of larva of P. ajfinis, showing tubercles. C.— Lateral aspect of posterior seg- 
ment of larva of P. calyptrata. D. — \'entral aspect of posterior segment of 


larva of P. calyptrata, showing lobes and anal opening. E. — ‘‘Pseudo- 
cephalon ” (Henneguyl of P. calyptrata: a, buttonlike areas referred to 
in text; 6, sensory papilla; c, antenna: d, mandibular sclerite; e, anterior 
spiracle. F. — Posterior spiracle of larva of P. calyptrata 244 


Influence of Foreign Pollen on the Development of Vanilla Fruits 


Plate 31. A. — Left to right, Vanilla planifolia, first of each pair close-fertil- 
ized, second fertilized with vanillon pollen. B. — Cross sections of same 

fruits 352 

Pate 32. A.— Vanillon No. 13 fruits, close- and cros^-fertilized, Low^er row 
close-fertilized, upper fertilized with pollen of Vanilla planifolia. B. — 

Cross section of same fruits 25^ 

.Plate 33. A.-rV^illon No. 34: Fruits at right fertilized with pollen of 

Vanilla planifolia, left close-fertilized. B.— Cross sections of same fruits. 252 
Plate 34. A.— Vanillon No. 43 fruits. Upper row fertilized witli pollen of 
Vanilla planifolia, lower row close fertilized. B.— Cross sections of same 
• fruits 252 
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P1.ATB35. A.— Longitudinal sections of vanilla fruits. Left to right: \'anil- 
lon, pistillate, X vanillon, staininate; vanillon, pistillate, X rani/fo 
staminatc; Vanii/a pistillate, X vanillon. staniinate , 

Vanilla planifolia, pistillate, X Vanilla planifolia, staniinate. IL— Com- 
parative length of cleared columns and ovaries. Vanillon above, rtj«i 7 /a 
planifolia below 
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Holding Capacity of a Silt-Loam Son. 
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Ohio seed pieces: Control aliove; pieces Inoculalerl with /•'. oxysporum 
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Seed-piece rot in field 

Plate 38. A. — Inoculated and uninoculated stems of same potato plant. 
Potato plant (control),* showing method of inoculating with wedge of 
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infected by F. oxysporum in the field 
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DIvTI-;rM1 NATION OF ACIDITY AND TITRAULF: NITRO- 
‘givNinwhkatwith Tin; hydroohn f:i,f:ctrodi; 


BvC. (>. SWA.VSO.V, Assofidtci'hctmst, ind I*. 1 ,. Taoi i:, Aysisliint ('hrtniii, Dtl^intwrni 
of ( islr ) ' , A' cl n su s Ai)ri^ uliural Exf't ri m < o; / .S' t to n 

Acitlitv ill wlicat flour is usually <1etorniiiie(l hv riiakiiii; a water c.\ tract 
of the flour at a deiuiite temperature for a definite time and titratin ^4 this 
extract with a standard alkali, nsim; phenolplithalein as an indicator. 
Since the quantity of alkali neutralized is governed to a considerable 
extent by the temperature and duration of extraction, a large number of 
workers extract at qo*^ C. for two hours. This method can also be used 
for wheat (VVfPV am ucy/feionj, the grain being fust finely ground. 

because wheat contains the enzym phytase, as has been shown bv 
several investigators,^ it is to be exjicetcd that the duration of extract ion 
and the temperature used will influence the amount of standard alkali 
neutralized. 

Acidity in wheat or wheat flour is not due to the presence of free acids 
as that term is ordinarily understood. The varying amounts of alkali 
neutralized in dilTerent samples are supjKJsed to be due to the presence 
of phos])hates in less or greater amounts. This statement is siip[)orled 
by the fact that the greater the acidity the greater the amount of phosphor- 
us in the extract.^ 

Water extracts of wheat and wheat flour as ordinarily made are 
slightlv turbid. This turbidity depends to some extent on the nature 
of the flour. Extracts from wheat and low-grade flour gi\'c clearer 
extracts than those from high-grade flour. This is probably due to the 
presence of greater amounts of electrolytes in the ground wheat and low- 
grade flour, as these would help to coagulate the turbid or colloidal 
matter. 

Because of the turbidity and the colloidal nature (jf wheat and flour 
extracts, absorption plays e part in the determinations of acidity when the 
colorometric method is used. 


> Asdukson, R. J. concerning the organic phosphorus compound op jminMT* IIRAN THE* 
HVdir;i.ysisop pinTiN. N. Y. State Acr. Itxp. Sta. Tech. nul. 40, 31 p. 1915, 

* S\van«).';, C. O. .kcidity in wheat flour; its relation to pkosphokus and to uthick const cru- 
ENTs. In Jour. Indus, and Engin, Chem.. v. 4. no. 4, p. 374-37S. i&i*. , 


Journal of .^cHcultural Rtsestreh. 
Washington, D, C. 
qv 
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METHOD OF MAKING THE EXTRACT 

A good grade of Kansas hard wheat was used for this work. The 
wheat was finely ground, untempered in a burr mill. Fifty gms. of this 
ground material were weighed into a quart Mason jar and heated to the 
temperature used in making the extraction. Five hundred cc. of carbon- 
dioxide -free water, previously heated to the temperature employed, 
were then added, together with 5 cc. of toulene as a preventive of bac- 
terial action. The whole was thoroughly shaken and placed in a 
thermostat. The shaking was repeated every minute for the first 5 
minutes, then every 15 minutes during the time of extraction. At the 
end of the extraction period the contents of the jar were poured into 
centrifuge cups and centrifuged for 5 minutes at 2,000 revolutions per 
minute. The supernatant liquid was then poured through a filter for the 
purpose of removing light floating particles. The filtrate was used for 
the following determinations: 

1 . The hydrogen don concentration or the Ph value of the extract. 

2. The cubic centimeters of Ni^o barium hydroxid used to titrate to 
the absolute neutral point of Ph 7. 

3. The cubic centimeters of alkali used to titrate to the point of color 
change for phenolthalcin or Pi[8.3. 

4. The cubic centimeters of alkali used to titrate to the point of color 
change for thyniolphthaleiii or Pn9.3. 

5. The amount of alkali necessary to reneutralize after the addition 
of neutral formaldehyde or the Sorensen method of determining amino 
nitrogen. 

6. Tlie total phosphorus in the extract. 

7. The phosphorus in the extract precipitated by magnesia mixture, 
'this may be considered phosphorus in the inorganic form. This method 
of determination is based on that used for the determination of inorganic 
pliost>horits^n animal tissues. 

APPARATUS USED IN DETERMINING HYDROGEN-ION CONCENTRA- 
TION 

Our apparatus contains the following pieces: One Kohlrausch slide 
wire bridge; one type B, No. 2500 Leeds and Northrup galvanometer; 
one Weston millivoltmeter and multiplier; Edison storage cells; and the 
hydrogen and the normal calomel electrodes made according to the 
directions of Hildebrand.^ Hydrogen made by the electrolytic process 
was used. ^As a ])rccaution against impurities, the gas was washed in a 
train of alkaline’ perinanganate and pyrogallic acid. 


lUliDEBI^WD, Joel H. .'^OME .applications 09 THE HATJROGEN ELECTRODE IN' ANALYSES, RESSAECH, 
AND TEACHING. In Jour. Amen Chem. Soc., v. 35, no. 7, p. 847-871, 15 fig. 1913. 
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PERIODS OF TIME AND TEMPERATURES USED 

After some preliminary w'^rk tiie following periods were chosen: 5, 30, 
and 60 minutes, 2, 4, 8, 16, and 24 liours. Extractions were made at tlie 
following temperatures: 5^^, 20°, 40^, and 50^ C. Other temjx:ratures 
and [>eriods were tried in the preliminary work, but tlic results obtained 
were found of no added value. 

METHOD OF DETERMINING THIv HVinuXM'N-ION CONCl-NTRATlON 

( )ne hundred cc. of the solution jirepaicd as al>o\ e iiamelv, the extract 
of 10 gni, of ground wheat were pi[x:tted into the liydrogendon cell. 
This is closed witii a riil)ber stopper through which the electrodes, as well 
as the tip of tlie burette, are inserted. In this wav tlie carbon di<»xid 
from the air is excluded. The hydrogen gas is bubbled tlirongli until 
equilibrium is readied. Tlie reading of the \'()Uineter gives the figure 
for cafe u kiting the aettial hydrogen ion eoneeiitralinii uf the sointinn. 
To facilitate this ealcnlation, we lia\e made* a talik* gi\iMg the hvdrogeii- 
ioii concent ration corresponding to the \oU readings frnmo.jSi to t.ot^o. 
It takes about an hour to oblnin etjuilibrinin, Imt lliis eaii be shortened 
bv previously saturating the elect rrali* witli hydrogen. 

Hariuni hvdroxid (.Vz-^o) was then added till (lie solution sl]owe<l a \nlt 
reading of 0.686, indicating a Iiydrogeii-ioii cimaaitrat it)ii of 7. This 
represents the alisohite neutral point. Tlu* alkali was again added till 
the volt reading was 0.760, iiidieal iiig a 1*,, \a]ueof.S.3. This corresponds 
to the aciditv as conninmlv detenniiied b\' the use nf piieiudphthaleiii as 
imlicaU)r. In several trials tliis indicator w:is ad(jcd at this point, and 
ga\e tlie nsua) color change. The alkali wa.s again added until the volt 
rearling v,as o.S?o, indieatinga 1^ value of o-.v I his is tlie point of color 
cliang<' of thvniolplitlialein, and tin's was actiiallv <leterniin(*d b^' the 
use of the indicator. At this point 23 ec. of forniahU'hyde solution were 
added, d'his was made by mixing r)nc jiarl of 40 per cent formaldehvde 
with two parts of carbomdioxidTree water and neutralizing to the livdro- 
gendon value 9.3 before using. The hydrogen gas was bubbled 
through until cquilibriiiiii was reaelied, and the value noted, barium 
hydroxid (NI20) was then added until a I\, value of 9.3 was again reached. 

HYDROGEN- ION CONCENTRATION OF WH]*:aT I{X TRACT 

The results obtained by these methorls at temperatures varying from 
5° to 50^ C., and for iDcnods varying from 3 minutes to 24 liours are given 
in Table I. 
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Tarlf, I, — Hydrogen-ion concentration of wheat extracts made at different temperatures 
and periods, together with the quantity of 20 Imrium hydroxid ^^^^ed ?n ike titrating to 
change the hydrogen-ion concentration 


Quantity of .V 2'> barium hydroxid useti 

to titrate to — 


Tem- 

imn- 

ture. 


; \'olt 
: read inf;. 

! 

1 

Pii 

values. 

or 

Cc. 

0. 760 or 
Pk 8.3. 

Cc. 

0.8 20 or 
P119 .u 

Cc. 

Volt 

reading 

aUer 

adding 

forni.ll' 

dchycle. 

Cc. 

5 

; miiiiitc.5 

0. 66^ 

6, 6)0 

o- 5 

I- 3 

2.8 


0 

l]0 minutes 

' .CCi 

57 

■ 5 

I. 6 

3 - I 

•785 


60 minutes 

' . 666 

6. 63 

' 4 

I- 5 

3-0 

.750 

.778 

5 

24 hours 

.661 

6.57 

I- 5 

5 - 5 

9.0 

30 

5 mitiiitc!-:: 

■ . 662 

6. s8 

.8 

2. I 

3-3 

■ 763 

20 

^0 minutes 

’ . 662 

6. 58 

I. I 

3 - ^ 

4-9 

. 761 

20 

I hour 

: -(‘('H 

6. 67 

^•3 

4 - 5 

7' 3 

- 7<^5 

20 

2 hours 

663 

6. 60 

I- 5 

5-3 

8.8 

. 768 

20 

4 hours 

.661 

6.57 

2. 2 

7 - 9 

II. 8 

- 77 ° 

20 

8 lujurs 

. 661 

6. 57 

3-4 

9-3 

13 - 5 

. 762 

20 

t 6 hours 

60 1 

6. 57 

3-4 

14-3 

IQ. 0 

• 77 ° 

20 ' 

24 hours 

.656 

6. 48 

1 4-5 

16, 8 

22.4 

.770 

40 

■ 5 minutes 

i . 650 

6.36 

I. 9 

3-9 ' 

5-4 

. 780 

40 

; ^0 minutes 

1 *655 

; 6. 46 

3-4 

7-4 

TO. 7 

- 771 

40 

I I hour 

! • ^>54 

1 6.44 

4.4 

II. I 

15-7 


40 

I 2 hours 

I <643 

i 6. 26 

4-9 

14-3 

19. 1 

. 762 

40 ! 

1 4 hours 

i .654 

j 6.44 

5 - 2 

17-3 

22. 4 

• 772 

40 

I 8 hours 

; -653 

i 6.43 

5-7 

17-9 ; 

23-8 

-776 

40 

; 16 hours. . . 

' -651 

I (^-39 

6- 3 

ik 0 

23 9 

.776 

40 

1 24 hours 

; -654 

: 6.44 

6. 9 

18. 2 

24. I 

. 780 

so 

5 minutes 

1 -651 

1 6.39 

3-2 

6. 5 

9.0 

.762 

50 

30 minutes 

; .652 

; 6. 41 

3 - 5 

10. 4 

14. 9 

.770 

50 

I hour 

^53 

i (^-43 

4. 0 

13 - 7 

ik 2 

- 774 

50 

2 hours 

648 

I 34 

5-8 

16.3 

21. 4 

- 774 

50 

4 hours 

; .655 

I 6.46 

5 - 3 

16. 4 

21 - 5 

. 780 


K 5.3 

O.CT 

I add I ay 


The data in Table I show the following results: 

1. The average hydrogeii-ion concentration of the extracts obtained 
at 5° C. is Ph 6.60; at 20° C. it is Ph at 40° C. it is Ph 6.43; and 
at 50° C. it is Ph 6.52. Thus, the higher temperature gives an extract 
of slightly higher hydrogen-ion concentration. 

2. The hydrogen-ion concentration does not increase with the dura- 
tion of digestion. The average volt readings at 40° C. for 5 minutes, 30 
minutes, and i hour is 0.653, corresponding to Ph 6.43. The average 
volt readings for 8, 16, and 24 hours are also 0.653, corresponding to 
Ph 643. The'ionger or shorter period of digestion does not increase nor 
decrease the hydrogen-ion concentration. The slight variations obtained 
at 2o°*and 50° for .the different periods are so small that they do not 
' modify the above statement. 
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A volt reading of 0.760 (^Ph 8.;0 corresjxMids to the point of color 
change of phenolphthalein. The rending o.S:?o iPn corrcstMuids ti» 
the point of color change for tliyniolphtlialein. ffiis was determined by 
adding these indicators at the points nictitioned. 

4. The amount of Nj^o of barium hydroxid used lo titrate to Ph 

is greater than the amount used to titrate lo Pn 7, and the amount used 
to titrate to Pu 9-3 is greater than the amount used to titrate to Pu 
and these difTerences show a progressive increase as t lie lime of digestion 
is increased from 5 minutes to 24 hours. 

5. riie values obtained at C. are lower than llios<' at 40*^ and at 
50°. At 5® they arc tlie lowest. At this tomperatiiie very little or no 
hvdrolvsis takes place. Hydrolysis, as well as proteolysis, is most no live 
at 40°. 

6. The amount of N/jo barium hydroxid required to titrate to P,, 7 
at 40° C. increased but little after 16 hours. !n titrating to Pu 8.4 or 
Ph 9.3 there is very little increase after 4 hours. Por exam])Ie, hwliolysis 
is slightly slower at jo"^ than at 4<)'\ and also slower at 40" than at 30". 

7. At the end of 4 to 8 horns at 40'^ C., when hydrolysis is jrracticallv 
complete, three times the mimber of cubic centimeters arc rccjuircd 1{) 
titrate to Ph 8.3 as arc necessary to titrate to !^, 7, and four times as 
many are required to titrate to Pu 9.3. 

8. The number of cubic cciUimetcis used to determine tlic titrable 
nitrogen after the addition of fonnaklehydc shows a progressive increase 
with the duration of digestion, but the maximum is reached in about 
two hours, at 40“ C. At 20° the increase is much slower aiul continues 
to the end of 24 hours. At 50° the final results obtained arc lower Ilian 
those at either 20° or 40°, but show no incrcas<?or decrease concspoiiil 
ing with the time. At 5^ there is very little increase from 3 inimilcs to 
24 hours. The number of cubic ceiitiincters r('(juired to titrate to a 
definite point were only about one -third as many as tliose reaiuired to 
titrate to the same point at 40'’. 

9. The most outstanding result shown in Table 1 is the fact that, while 
the hydrogen-ion concentration shows no increase w’ith the duration of 
digc•^tion, the amount of Xj^o barium hydroxid used to neutrali/o 10 a 
gi -eii hvflrogen ion concentration increases in ])ropnrtion to tlu' duration 
(.if die lime of digestion. A definite limit, however, is soon reached. 
Tibs limit is reached soonest at the highest temperature. 

If.-. The digestion of ground wheat in water produces a substance 
which is not ionized; yet it will neutralize definite amounts of standard 
hydroxid, and these quantities correspond to a certain extent with the 
duration and temperature of digestion. When the standarfi alkali is 
added, it is ionized and the quantity present can be determined* by the 
method of titration. ‘ ^ 

The results obtained with various concentrations at 3^, 2o‘'q and 40^ 
C. are graphically presented in figures i, 2, and 3, 
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Figure I shows the results of titrating to Ph 7. At 20® the increase 
is slow and gradual. At 40® it is very rapid up to two hours, and then 
it is s'cry gradual. 



Fig. I.— Grapes showing ths liy(JroK>:u-ion coucemraUju uf 'wheat extract on titration lo Pa 7. 



Fk . z. — Graphs showing the bydrogcti-ion concentration of wheat extract oa titration to Pa 8.3. 



Fig, 3. —Graphs sho'W’ing the hydrogen-ion concentration of wheat extract on titration to Ph 9.3. 
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Figure 2 shows the results of titrating to Pn 8.^. At the amount 
of standard alkali required increases N er\‘ slowly. At 20'^ the increase is 
very rapid up to four liours, lolhnvod by a gradual increase up to 24 
hours. At 40^ the increase is most rapid np to four liunrs. After that 
the increase is slight or practically none. The llnal results at 20’^ and 
40"^ are not much ditTerent. 

P'ignrc } shows the results oi titrating to Ph The general direc- 

tion itf the curves are similar to those in figure 2, except that the values 
are higher. 

DFTI-RMIXATION' OV NITROCdiN IN' AMINO FORM iiV FORMAFDi:!! V PH 
MFTHOl) 

Some investigators neutralize to litmus * and others to phenolplithaieiu * 
before adding the forinaldeiivdo. In Table 1 the results obtained l)v 
ntiilrali/ing to three points: Pn 7, Ph S.^^, and Pn <>.3, aregixen. 'Idial 
the latter two are the points of color change for jihenolphtlialeiii and 
Ihvniolphtlialein, rcsjjcctivcly, in these extracts, was delcrniiiied ex- 
periinentallv. At Pn 9.3 tlie fonualdehvde was added and then the 
tiliatifai rejieated until the concentration was again Ph 9.3. 'fhe 
results of this last titration arc gi\'cn in the last column of Table I, 
The amounts given times 0.7 gives the milligrams of niti ugen in tin* 
ainimj form, If the formaldehyde iiad been added at Pn S.3 and tlien 
the titration continued to the 1 ’h 9.3. a larger ainoimt of M/jo liarium 
hydruxid would have been neutralized. Still larger amounts would 
have been neutralized if the lornialdehyile had l)een ad<led at the strietiv 
neutral point, ]\\ 7, and then the titration continued to tlie Ph 9.3 
point, 'flicse amounts are given in Table II. which lias Ikiui calenlateil 
fn.'iii 'fable I . 


II. Ui,iTiiily [in o'?i/onr/<T.v ; of X jti Juinum h\<lro\id mjttiinl had ihc 

Ht iiiraliziliion tKxn vuidi' to the points induahd l»‘fori ih*' fotinaldrhydc uus uddal 


I'irst ru‘ntr;tii/ to I’M .H.j. I-'irsl iiciitrali.r;itii)n to I'll 7. 

l>uration ni extraction. 

» . i c . i i . 'I ' 

■; e. i 3.3 e. ! ^0 c. 5 c. ^ ;'o c. j .Id* c. 


Cr. ' Ct . 


5 iiiintites 

,3-0 

3- 4 

jO minutes 

I hoar 

3-0 

♦ 2 . 9 

4- 7 

5' 9 


7 - 


8 . 0 

16 hours 

24 hours 

i 5-7 

1 9.4 

10 ' 5 


Cc. ! 0. 

I 

0,. 

3-2 1 3 '« ^ 

4 - 7 

.•>•2 

0 , 6 ; 4. I i 

i 0. 7 

10. 0 

8.3 1 4.0 

i (). t 

J 5-0 

9. I • .■ 

JO. 8 


9-2 j ' 

i 1 , 3-3 

21-3 

9-9 i 

15-3 

22 . I 

10. 0 : ^ 

^-3 

23 - 9 

10. I ; 9. 7 

1 22,8: 

i 

21.4 


> Ai.ij:n’s CommercialOrganic Analysis, v. h , p. ,179. Philarifclphia, ^918, 

> AbDERJIALDEN. Emu, ED. HANDBL’CM per BIOCHRMISCHENAKUEITSMETIlaUKV, pd. 3, Hiil/tC r, p. 3 j8.« 
Berlin, W’ien, igia. 



8 Journal of Agricultural Research voi. xvi, xo. i 

The figures giveij under first neutralization to Ph 8.3 are obtained as 
follows: The number of cubic centimeters of NI20 barium hvdroxid 
obtained by titrating to Ph 8.3 are subtracted from the number of cubic 
centimeters obtained by titrating to Ph 9.3. This difference is added 
to the figures in the last column of Table I. The figures so obtained are 
assumed to be the same as if the formaldehyde had been added at the 
concentration Ph 8.3 and then the titration resumed till the concentration 
Ph 9.3 was obtained. The figures under first neutralization to Ph 7 
were calculated in the same way except that the differences between the 
number of cubic centimeters in the columns under Ph 7 and Pr 9.3 in 
Table I were used. 

The calculations made on these assumptions show that the “formol” 
or titratable nitrogen obtained by first titrating to Pn 8.3 and then 
adding the formaldehyde is over twice that obtained by titrating first 
to Pu 9.3 and then adding the formaldehyde. And further, if the for- 
maldehyde is added at Ph 7 and the titration is then continued to the 
concentration Ph 9.3 the amount is over four times as great. 

The results obtained by this method of calculation raises the question, 
To what point of concentration should the solution be titrated before 
the formaldehyde is added? To throw light on this point an extract 
from wheat digested at 40° C. for four hours was used. It was 
prepared as the other extracts used in this investigation. This 
was then titrated to the points Ph 7, Ph 8.3, and Ph 9.3, first without 
adding any formaldehyde, and second by adding the formaldehyde before 
starting the titration. 

Corrections were made for the differences in volume of these two. 
These corrections were o.i and 0.2 cc. The following results were 
obtained (Table III). 

TABi.e III . — Quantity of NI20 sodium hydroxid required for neutralization leith and 
-dithoul formaldehyde 


Quantity (in cubic ccntiiuctcrs) of 
.V sodium hydroxid used to 
titrate to — 

ircatiiieiit 

PW I P«8.3 I P..9-3 

V" I 

Adding the formaldehyde before starting the titration . 7, C i 14- 5 ; 18. o 

Titrating without fnnnaldehyde 4. V i ir. 2 ^ 14. 6 

Increase due to formaldehyde 2.7 I 3. 3 ' 3.4 

- - -- ^ 

One hundred-cc. portions of extract from the wheat prepared in the 
same way were then used to see what differences would be obtained if 
the formaldehyde was added after the titration had been made to the 
following concentrations: Pn 7, Ph 8.3, and Ph 9.3. 
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Adding Kokmalduhyde at Ph 7 

Totnl quantity (cc. 1 of .V jo so<iiuin hydroxici to ncutralfzc to Ph “ . 4. g 

Total quantity (cc/l of \' jo hydroxid to neutnili/e aj^am 

to Pu 7 after adding foniialdehyde j. 7 

Adding PormaidkiivdI': at P,i 

Total quantity (cc.) of .V >0 sodium hydroxnl to neutnili/c to Ph 

^•3 11-3 

Total quantity (cc.') of sofliiim hydroxid to ncutndi/e again 
to Ph 8.3 after adding fonnaldchydc ^.5 

Adding Formai.deiiyde at Ph g.3 

Total quantity (cc.) of A'/jo sodium hydroxid to luaUndiro to Pj, 

9 i 14 . S 

Total quantity (cc.) of A'/jo stxliuin hytiroxid In ncutruli/o again 
to Ph 9-3 after adding fonnaldchydc ^,4 

This shows that slightly higher results arc obtained when tlie for- 
maldehyde is added at the higher concentrations and the sol nt ion is 
titrated again to the same concentrations. 

From data obtained in connection with some other work the follow- 
ing figures are added. The figures represent the number of ctil»ic centi- 
meters of NI20 alkali needed to neutralize after the addition of for- 
maldehyde, the titrations having first been made to the concentralions 
shown. 


Cimitnlratimi. 


i ri 7 ■ 
Ph « 3 
Ph 9 3 


l‘lour A , 

Flour It. 

2.7 j 

' 2. 5 

3 ' 4 : 

7 

3 - J 

3, 4 


lOour C. 



One question not settled by the data given in this paper is to what 
iwint should the titration be carried after the addition of the fonnulde- 
hyde. 'fhis question is reserv’cd for future work. 

On the basis of the above discussion we may say (hat the results in 
Table I show the following in regard to amino nitrogen : 

1. At 5*^ C, there is practically no increase in the amount of amino 
nitrogen as the time of digestion is increased. 

2. At 20’^ C. the amount of amino nitrogen reaches the maximum 
shortly after 8 hours. 

3. At 40*^ C. the amoufit of amino nitrogen reaches the maxiniiim at 
2 hours. 

4. Ihe calculated results in 'table It show a gradual^increase in the, 
amount of amino nitrogen to the end of the 24 hours* with one minor 
exception at 40° C. The results on amino nitrogen are graphically pre- 
sented in figure 4. 
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PHOSPHORUS IN THE WHEAT EXTRACTS 

As previously mentioned, determinations were made of total phos- 
phorus and of phosphorus precipitated by magnesia mixture. 

From each' extraction mixture two portions of 50 cc. each, represent- 
ing 5 gm. of ground wheat, were pipetted into beakers. Ten cc. of 
concentrated nitric acid were added and boiled until all the organic 
matter was destroyed, more nitric acid being added as needed. The 
residue was used for the determination of phosphorus in the usual way. 

To two other 50-cc. portions of the extraction mixture there were 
added 40 cc. of magnesia mixture, and after standing for 15 minutes, 
25 cc. of concentrated ammonia. After a thorough stirring the beakers 



Fig. 4. — Graphs showing the production of amino nitrogen at different temfieratures. 


were allowed to stand overnight, and the contents v ere then filtered and 
the precipitate washed four times with 2 per cent ammonium hydroxid. 
The precipitate was then dissolved in cc. of dilute (1:4) nitric acid 
and the filter washed with 100 cc. of hot water. The filtrate and wash- 
ings were then boiled, in order to destroy organic matter, and the phos- 
phorus determination was completed in the usual way. For convenience, 
this will be called inorganic phosphorus. Whether or not that is the 
castf may be questioned, and the merits of this method of determination 
are not discussed here. We simplv used this method as one best suited 
to our purpose, and the results obtained (Table IV) are used for their 
comparative value. 
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jHTirm- rt'rceiitdctf of 
flilt* i>f i>hn>- iiior^iinic plius- 
pla^nis ill I'luirus in 
tiu' extruft. the exiraii. 


pt'f.i- 

tnif. 


5 : ; iiiinntcs. 
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5 i 24 huurs. , . 
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20 S 111 nirs. . . 
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20 2 .\ 

40 5 minutes . 

40 ^0 :uiuntes 

40 j I li 'iir . . 

40 2 liiiurs , . 

40 .t huurs 
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40 lO Imurs . 
40 I 24 hours. 

50 ; 5 miiiiitis 
50 ' .:;o niiTuiUs 
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50 I 2 Ilnurs. . 

50 I Ilnurs 


018 

0. 0!0 

020 

. 020 
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. 070 
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.0,^1 

o <)7 

• 050 

1 0(1 

. 0^ )2 
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. o«)S 

1 00 
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O()0 

. 032 
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. 1 1() 
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. 14 <» 
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• '77 


,212 



2 S 7 

' 

250 

. 24 

l()2 

. lOf) 

21 c, 

• « 5 ^ 

J^(} 
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1. It will be noted that at C. the total and inorganic ])lK)spliuriis 
increases with the time of digestion. 

2. At 20° C. the total and inorganic phosphorus increases with the 
time of digestion, but the total phosphorus does not show any increase 
after lO hours. Ihe ratio between the total and inorganic phosphorus 
varies considerably, but the latter averages a little more than one-half 
of the total, 

3. At 40® C. the total and inorganic phosphorus increases with the 
time of digestion, but the maximum for both total and inorganic phos- 
phorus is reached at about 4 hours. The proportion of inorganic phos- 
phorus in relation to the total is much greater than at the lower tem- 
perature. After four hours the inorganic phosphorus is almost equal 
to the total. 

4. At 50° C. the maximum of both total and inorga|vc phosphorus is* 
reached in about two hours. The results are graphically presented in 
figures 5 and 6. 

Why does hydrogen-ion concentration remain •the same or show tio 
increase with the increased time of digestion, while the amount of N/^o 
barium hydroxid necessary to bring the solution to the concentration 
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Ph 7, Ph 8.3, or Ph 9.3 shows a constant increase corresponding with 
the time of digestion, and also an increase in the total and inorganic 
phosphorus ? The only explanation that we have to offer at this time is 
that the extract of wheat contains a definite amount of the hydrogen ion, 



FlO. 5. — Graphs showing the total phosphonisin whc^t extractat different periods of extraction and 
at different temperatures. 

and that this amount is not increased during the hydrolysis of the wheat 
because the phosphates which are produced during digestion are of such 
a nature that they undergo very small ionization in the water. When, 
however, the hydroxid is added, they undergo ionization. The per- 
centage of ionization in these phosphorus compounds must be very small. 



Fig. 6. — Graphs showing the iporgaiiic phosphonisin wheal extract at different periods oi extraction 
and at different temperatures. 


SUMMARY 


(i) This paper presents the results of a study in determining, by means 
.of the hydroge^ electrode, the different hydrogen-ion concentrations in 
the extract of ground wheat. The total phosphorus and the phosphorus 
precipitated with magnesia mixture were also determined in the extract. 

^ (2) Extractions were made at the following temperatures: 5°, 20°, 40°, 
and 50® C. ; and for the following periods: 5 and 30 minutes; i, 2, 4, 8, 
16, and 24 hours. 



Jan. 6 . 1919 


Detcnni?iation of Aculity atid Xitroifcn in 


3 


(3) The temperature at which the extraclicm was made was found to 
have but little inlhicncc iijMUi the hydrogen -ion coiicoiit ration. The 
liighcr temperat tires give an extract of but slightly higher concentration. 

(4) The duration 01 the digestion ^x^riod did not influence the liydrogen- 
ion concentration. Tlie average hvdrogcn-ion concentration when the 
extract i(ui was made for 5 minutes, 30 minutes, and i hour was the same 
as wlien the e\tracti(m was n\ade for H, lO, and luuus, 

(s) Hut while the liydrugen-ioji cnncentralitai of the i-xtraet sliows no 
iiierease with the duration of tlie digestion, tlie (|u:mtil \'*ia XIjo hariuiu 
h\(]r(t\id neeessar)' to add in order to change the eoneentratiori to :i 
definite point was greater in amount and within certain limits propor- 
tionate to the dll rat ii. 'll of the digestion. 

(h) The substances prodnci'd when wlu'at is digested in waler are not 
ionized until an alkali has been added. Tiie anxmnt of these substances 
produced bears a definite relation to the lime and tempeialure used in 
digestion. A limit, however, is S(Xin readied, and this limit is readied 
sooner at the highest temperature. 

^ (7) 'fhe amino nitrogen as deleni lined liy the vSiirensen fnrmaldehvde 
method is all extracted in two hours at .40^ C. 

(8) At 20° C. the amount of pliosplionis in the extract pivcipitated l)y 
magnesia mixture averagers about half of the total. At 40° jnactically 
all of the total phosphorus is converted into fmiiis that are iirecijiitated 
by the magnesia mixture. 

(<;) 'flic hydr<igen-ion coneentralioii of the water extract /if wheat is 
definite in amount. This concentration is not changed during tlie 
extraction in proportion to the time. The reason for lliis is tfiat the 
conditions for ionization arc not present until an alkali is added. Wlicn, 
however, this is added, ionization takes place and the aiiiomiL of standard 
alkali necessary to adrl in order to lower the hydrogen -ion eoneentratiori 
to a given point bears a proportionate relation to tlie teiii])eraturc and 
duration of the digestion period. 




ASH ABSORPTION BY SPINACH FROM CONCKNTRATlil) 
SOIL SOLUTIONS 


hy Rodnfcy H. Tri’I{, Phystolo^^ist in Chatij<\ Otis 1'. Huack, Chaniail liiologist, and 
James W', Kki.LV, iMhoraiory Tiibnii ian, Offici' of !)run Phiut, }'oiiomnts 
PhysioUxjicaU and Pcrmcntaiiou I nvfsti^ations, BurCiWi of Phifti huliutry, I'micd 
Staks Dcfarinunt of .-l|;r:V»//nrv 

INTRODl'CTlON 

111 1915 when the aiUtiors were eii)^nn;ed in a study of the [wssildc 
causes of spinachddight, the tlicorv was advanced that the disease was a 
fonii of “inalnutritioir' duo. in a nie;isiire, to tlie accunuilatioii of an 
excess of fertilizer salts in the sidl sohitinn 


suBvSTanci<:s usi'in 

In the hope of reproducing^ the svinptonis seen, licdsnf spinach 
iMcM oh'raceii) thrown on the ^^nnuids of the \'irginia 'I'nick i''Npcri- 
nient Station,’ in cooperation with whieli this work was carried on, were 
given large applications of the c<jnin inner fertilizer salts, singly and in 
the usual mixtures. The so-callcd ‘acid mixture” was that generally 
employed bv the truck farmers of the N'orfolk region for use in their 
sjiinacli fields. 'The “basic mixture” was made 11 ji of substances which 
would likely lx* neutral 01 basic in tlie soil. The constituents of each 
were approximateh' as follows: 

\y\ii M]\r!'ki: H/T !<’ %'I\J['«rT 


.\mninniuiii snljiluttc 

r<jmi(ls. 

.UlO 

Sodium nilratc 


tSaiud!? 

.150 

.'\cl{l ]ih<tsi»luiU' 

iS:o 

basic slag from Hiji: 

iiiiiglia.i 

n, .'Ma. 7:0 

Pfilas-'luiii iimriate 

17c 

Pfdassium sulplialc , 


170 

Dricrl l.lonl 

2()0 

Dried bkjod 


;;6o 

Tankage. . 

goo 

'i'aiikagc 


•too 


Single salts were supplied in two ])ro])ortions : tJne was intended to Ije 
near Hie maximum; the other to cause clear injury. 'I'he substances 
ajip'hevl are listed lielow in terms of pounds per acre; 


SUnSTA.VtKS. 

Calcium carbonate 

Magnesium carbonate 

Potash 

Sodium ui irate 

Sodium chlorid 

Sodium sulphate 


UU-VNTITV USI!I>. 

and (1 tons per acre, 
j and 2 Ions per acre. 

750 and 1,500 {Kiund.s per acre. 
1)0. 

Ik,. 

Ho, 


1 The authors are indebtwl to the Director of the Virijinia Station and to his assistants for help in many 
ways. To Mr, J. A. McClinUicIt, at that tunc I'lant Catholo^ist of the SUtion, they owe an csi>ccul 
debt lor careful notes made from time to time and for help rendereri in other ways. • 
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suBsTAN’tes— continued. quantity used. 

Acid phosphate i,ooo and 2,000 pounds per acre. 

Complete mixture: 

Acid 2,000 and 4,000 pounds per acre. 

Basic Do. 

Stable manure 20 and 40 tons per acre. 

Control plots alternated with those receiving treatment. 

The land used for planting had not been used for spinach for many 
years previously and was in good condition. It had receivetl excellent 
treatment for several years and seemed to be very unifonn in all respects. 

Each bed was 5 feet wide and 61 feet long, and received four rows of 
seed. The chemicals were applied on July 29, 1915, and immediately 
hoed into the soil. The land was kept free of weeds until September 1 1, 
when curled Savoy spinach seed was drilled in. In 10 days the stand 
could be reasonably well determined, and since the variation with the 
treatment was clearly seen, the result may be summarized here. 

PROGRESS OF PLANTS IN THE FIEED 

The “ best” stand was seen in the beds receiving stable manure; “very 
good ” in beds receiving magnesium carbonate; ” good ” in those with cal- 
cium carbonate, acid phosphate, sodium sulphate, and basic complete 
mixture; “scattering” only in those with potash, sodium nitrate, sodium 
chlorid, and complete acid mixture. The controls were in the class 
designated "Good,” a few in "Very good.” 

Owing to the unsatisfactory stand in some of the beds, all were re- 
seeded on September 23, and irrigated. On September 30 plants began 
to appear, a thick stand being seen by October '6. The usual cultiva- 
tion and thinning took place about a fortnight later. 

From notes taken on the beds as they appeared on October 27, cer- 
tain outstanding features may be developed. On taking completeness 
of stand, growth, and color as criteria, the treated plots were distributed 
in the following groups: 

Excellent : basic complete mixture. 

Very good (equal or better than the best control plots) : acid phos- 
phate, sodium sulphate (heavier treatment), magnesium carbonate, 
manure.' 

Good (equal to the poorer control plots) calcium carbonate, sodium 
sulphate (lighter treatment). 

Poor (poorer than controls) : complete acid mixture, sodium chlorid, 
potash, sodium nitrate. 

The poor plots were marked by a yellowish -green color, poor growth, 
and death of some .of the seedlings, giving a bad stand. The greatest 
injury was sedn in those parts of the plots receiving the heavier treatment, 
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Another review of the plots was made on Oevember 1, 1915, with 
similar results. 

The "best” plot in the whole experiment was that receiviiii; the basic 
complete mixture. 

Those havnng acid phosphate and sodium sulphate were "excellent.” 

"Good” would be said of plots receiving magnesium carl>onatc; some- 
what loss so, were those receiving calcium carbonate, whicli gave a very 
deep green color, and manure, especially the part of the l>ed receiving the 
lighter application. 

The four plots found to l)e "poor” were those having sodium chlorld, 
sodium nitrate, and acid complete mixture. Poorest of all was jwtash. 
All ]xxir plots were alike in having a crusted soil surface, with a suggestion 
of moisture. 

At this stage samples were taken from several of the lx?ds for ash 
analysis at Washington. 

ASH DHTIJRMINATIONS 

The plants, after Ixang divided into roots and tops, were ashed in an 
electric furnace at a low red heat of approximately 6(X)° C. The total 
ash l)eing determined, the chief constituents were worked out by the 
methods recommended by the Association of Ofiicial Agricultural Chem- 
ists.' 

The results are gi\en in Table I. In the first section the lesults are 
calculated as [xweentages of the air-dry weight of the plant material, 
while in the second section the individual constituents are calculated as 
percentages of the total ash. 

Tahu: l. -Ash constiiuents of sf^inach 
CALCUI.ATKD AS PliKCIvNTAG CS UP DRY MATKKIAI. 



Sorlium ' Sorltiim 

Sotliiiin 

Potassium 




Fertilizer. 

nitrate. rlilurid. 

sulphate. 

chlorid. 

riirlionate. 

i^uniroi. 


Tops. 

Rjx>ts, Tops.; Roots. 

t 1 

Tops. 

Roots. 

Tops 

Roots. 

Tops. 

Roots, 

Tops, 

Roots. 

Total ash 

19- 94 

6.87 31-81 

8. s8 

3t?. 70 

8- JO 

17 - 67 

7.40 

31-39 

9.40 

30.68 

8. 01 

Silica (SiOi) 

Maueanous 0 A i d 

4 - 50 

J-77 3-8o 

1-46 

4’ 73 

I- 61 

4 - 30 

1.48 

7-97 

J. 16 

S- 79 

48 

(.MmOO 

■OJS 

.lA -oa 

.14 

-03 

■& 4 S 

•03 

■ 05 


.07 


.06 

Lime (CaO) 

r* II 

- 39 i r- 13 

.45 

■«3 

■ 30 

•94 

.30 

J. 36 

■45 

I. 14 

■30 

Matinesia (M^O) 

1. 13 

•47 i '• 4 B 

■ ss 

1-33 

.41 

r.68 

■S6 

1. 14 




Potash (KiO) 

5 - Ja 

3-35 , 3-68 

J -94 

9- ri 

3-91 

6- $6 

3.44 



8-60 


Soda(NRjO) j 

Sulphur trioxid | 

3 - 50 

.86 s-67 

1.43 

.80 

1 . 38 

r- 53 

•54 

1. 70 

•45 

■91 

•33 

(SOi) ! 

Phosphorus pent- ! 

■44 

.31 .47 

■ 33 

• 76 

i ‘33 

1 

•44 

■ IS 

■47 

■ 33 

• S3 

1 -33 

oxid (PjOs) 

1. 03 . 

.91 1-33 

1. 16 

I- 39 

i I- *3 

>• rj 

.98 

.98 ^ 

1- 03 

r- 31 

.80 

Ahunina (AliOt). . 

. 61 I 

’ *30 : .57 

• JO ■ 

. 63 

■34 

■49 

.18 

- 53 

■45 

■63 

. 76 

Ferric mid (Fei03).j 

' • 13 i 

.07 .09 

.06 j 

.08 

1 .06 

.07 

.05 

• 1 1 

.07 

.09 

1 .06 

Total 1 

17«7C>S 

8-38 1.8-09 

7-61 , 

19 ' 56 . 

«‘30S 

Jl'- 17 

6- 7i|ji-38 

9‘37 


7-40 


> Wll^Y, H. W., BD. OPPltlAL AND PRO VISION AI. MBTUODS OP ANALYSIS, A.SSOCIATION OF OFFICIAL 
ACRItULTVRAL CHEMISTS, AS COMPILED BY THS COMMITTEE ON REVISION OF METHODS. U. S. Dept. 
Agt. Bur. Chon. Bui. loj (rev,). 371 p,, 13 fig. r^oS. 
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Table I. — Ash constiiwnU of Continued 

calculated as percentages oe dry material — continued 


FertiUzer. 

Acid phos- 
phate. 

Complete 

acid. 

Complete 

basic. 

Manure. 

Average. 

Tops. 

Roots. 

Tops. 

Roots. 

Tops. 

Roots. 

Tops. 

Roots. 

Tops. 

Roots. 

Total ash 

31-39 

13-40 

20 . 59 

zo. 48 

iS.6a 

Z0.01 

21-73 

11.40 

20-45 

9 - 58 

Silica 

7 - H 

S -43 

5-40 

2. 78 

4- or 

a. 3 i 

4-47 

2-47 

5.21 

2.39 

Mancaaous oxid. .... 

.04 

.09 

-OS 

,05 

.03 

■ 04 

.016 

.28 

-029 

.096 

Linjc 

I - 13 

-38 

■ .96 

-43 

■97 

.40 

.84 

■49 

I.031 

■38 

Magnesia j 

i-3i 

-49 

1-33 

•S6 

1.34 

• 7 S 

I. 59 

.69 

1-37 

■S 3 

Potash 

6- 40 

i- 76 

8.09 

3-36 

8 - 79 

3-97 

9. 76 

4. 56 

7 - 39 

3.06 

Soda 

I - 15 

■99 

•78 

1-58 

-66 

.40 

• 4 S 

.70 

1 . Sa 

.85 

Sulphur trioxid 

■53 ■ 

■ aS 


'- 3 S 

•53 

■31 

.48 

.40 : 

■52 

.28 

Phosphorus pejt- 










oxid 

1-47 

.84 . 

tr 12 

I. 36 

1.3a 

1-49 

1.08 

1.36 

1. 2C 1 

1. 10 

Ahimina 

.?o 

• 40 

,65 j 

-33 

• 4 S 

• 31 

-SI 

•36 

.58 

•304 

Ferric oxid 

-og 

.08 

« zo 

.08 

• 10 

.09 

.11 

■IS 

.097 

•077 

Total 

30.98 

10-74 

19-66 

10. 75 

i8.ti 

10.08 

19.306 

11.46 

j 19-247 

9.067 


individual constituents calculated as percentages op the total ash 


Fertilizer. 

Sodium 

nitrate. 

Sodium 

chlorid. 

Sodium 

sulphate. 

Potassium 

chlorid. 

Calcium 

carbonate. 

Control. 

Tops. 

Roots. 

Tops. 

Roots. 

Tops. 

Roots. 

Tops. 

Roots. 

Tops. 

Roots. 

Tops. 

Roots. 

Total ash 

19-94 

8.87 

21.81 

8.58 

20. 70 

8.3a 

17.67 

7.40 

21.39 

9.40 

20.68 

8-01 

Silica 

22-57 

19-95 

17 - 42 

17.02 

22. So 

19-40 

24.34 

30.00 

37- a6 

33-62 

28.00 


Mansanous oxid — 

.18 

I-SS 

.09 

1-63 

- 10 

■54 

•17 

.68 

.14 

.74 

- 12 

• 75 

Lime 

S -57 

3 ' 27 

S' 18 

5 - 24 

4- or 

3- 61 

5-32 

4 - 05 

5-89 

4. 89 

5-51 

3-75 

Magnesia.. 

5.67 

5-30 

6.60 

6.41 

6-43 

4.94 

9-51 

7-57 

5-33 

5-21 

6.67 

4 ' 34 

Potash 

26. 18 

36.64 

16.87 

22. 6i 

44.01 

35 - 06 

37 - 13 

32 97 

33-66 

31-60 

41 - 59 

42-95 

Soda 

17- 55 

9 - 70 

26. 00 

16.5s 

3 ' 82 

15-42 

8.66 

7 - 30 

7-95 

4.89 

4-40 

4.12 

Sulphur trioxld .... 

2-21 

3-37 

1 2-21 

2.68 1 

3- 62 

3-86 ! 

2 - 55 

2.03 

2. 20 

2.46 

3 - SI 

4 - 12 

Phosphorus pent- 
oxid 

5 - 17 

10-37 

i 5-59 

13 - 5 -i 

6' 23 

13- 6t 

6.49 

IJ. 24 

! 

1 4 - 58 i 

10. 96 

6 - 43 

9-99 

Alumina 

3 06 ; 

338 

j 2. 61 

2-33 

3-00 

1 2- 89 

3 . 77 

2-43 

1 2-43 i 

4, 89 

3-05 

2.25 

Ferric oxid. 

; '65 

.80 

' .41 

.70 

■39 

. 72 

.40 

.68 

1 -5* 

- 74 

■44 

1 -75 

Total , 

1 88.91 

93-36 

,82.88 

j 88.69 

| 94 ' 4 i 

; ZOO, 05 


90-95 

j 99 - 6s 

IDO/ 00 

98-72 

j 91 - 4 “ 


! 

Fertilizer. 

Acid phos- 
I phate. 

1 

Complete 

acid. 

1 

Complete 

basic. 

j ^lantire. 

Average. 

1 Tops. 

Roots. 

Tops. 

Roots. 

t Tops. 

i 

Roots, j 

Tops. 

Roots. 1 

■ Tops, j 

1 Roots. 

Total ash 

21.39 

13.40 

20-59 

10.48 

18.60 

10.01 

21-73 

11- 40 ! 

1 

20-45 

9 - 58 


\ 33 - 3'8 
. 19 

1 40. 52 
.67 

26. 23 

-24 





1 31.66 



Maniranous oxid .... 

.43 

. 16 

, .40 

.07 

2.46 

.14 

1. 00 

Lime 

5. 28 

2.84 j 

4. 66 

4 - 10 

S' 22 

4. DO 

3-87 

4-30 

5-04 

3-97 

Magnesia 

6-22 

366 

6.46 

S' 34 

7. 20 

7 - 49 

7-33 

' 6-05 

6- 70 

5-53 

Potash 

29-92 

13 - 13 

42. 20 

32. 06 

46. 77 

39-66 

44.91 

40.00 

36- 14 

31-94 

Soda 

JO. OS 

1 7-39 

3 - 79 

iS-oS 

3-55 

4.00 

3-07 

6. 14 , 

8.90 

8.87 

Sulphur trioxid 

2.48 

2-09 

2.82 

3-34 

2.8s 

3-10 

2.21 

1 ^- 3 ^ i 

i \ 

3 . 92 

Phosphorus pent- * 
oxid 

6-87 

6- 27 

5 - U i 

12.02 

7. ro 

14-89 1 

4-97 

1 

1 11-05 

.5-87 

11.48 

Alumina 

3 - 27 

2-99 

3- 16 

3 - IS 1 

2.42 

! 3-20 

2-35 

3 - 16 

2-84 ; 

3 - 17 

Ferric oxid 

• 42 

.60 

• 49 

• :6 ! 

! 

.90 

■51 

1 

-47 ! 

-So 

Total 

i 

98.08'' 

1 So. 16 

93-49 

102- S6 

j 97-37 

1 100. 72 

88-85 

1 99-65 

94-12 

94 63 
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In order to bring out more clearly tlie relationsliips involved in Table 
I, graphs have been prepared in which quantities are indicated on a 
uniform scale. In figure 1 apj^ear the values found for the tops, and in 
figure 2 similar values for the rcK)ts. Kacli unit on the perpendicular 
axis represents o.r per cent of dry weight in every case. 

T(^Tal Asir 

A casual inspection of these results reveals the fact tliat the total 
ash content of the tops calculated ;is percentage of dry weight, while 
showing considerable variation, is always greatly in excess of that of 
the roots, in ol>edience to the general rnlc,‘ As regards tlie inlluence 
of specific substances on the total ash absorption certaiii coincidences 
may be noted. The total ash reached its inininunn in both roots and 
stems in the plot treated with ]>otash. It is depressed in the tops nearly 
as much in the presence of the basic mixture, to a less degree in the 
roots. In general, the quantity of ash constituents is less for tlie roots 
in the plots treated with sodium salts and in the untreated control than 
in the other plots. 

Of the single salts calcium carbonate alone goes with a total ash in 
the roots, approacliing that seen in tlic mixtures of several salts. This 
depressing action of the sodiuni salts is not seen in the asli content of 
the tops. Acid phosphate goes with the highest total ash seen in any 
sample of roots; sodium chlorid and manure, with tlie liighest totals 
seen in the tops. 

INDIVinr.’.M, ASH CUNSTITriC.VTS 

In examining the quantities of the different ash constituents seen in 
Tabic I it will be noted that in some cases there is a great variation 
among the different plots; in others little difference is to be seen. Those 
showing great variation are silica, potash, and soda; those showing 
little change with the change in outside conditions are lime, magnesia, 
])iy)sphorus pentoxid, sulphur trioxid, manganous oxid, alumina, and 
ferric oxid. It seems as though all plants were able to absf>rb these 
from the soil to a point of steady equilibrium without much regard to 
the substances offered. It appears that even when an excess of any of 
the ions present in this latter group of compounds is present no con- 
siderable increase in the absorption of these ions takes place. 

The quantity of ions absorbed from the group of variable salts seems 
much more subject to influence from the added salts. In some cases 
the ions present in excess are themselves absorbed in gK?ater quantity. 
This seems to be the case with sodium- nit rate and sodium -chlorid plots, 
in which considerably greater quantities of soda appear in the* ash of 
the tops than in any other plots Sodium sulphate, however, gives nef 


P.M.LADW, W. ppT,Ay7EN*PHVsiouy'.5K. Rear>), aulgnind »icr russisthen aufl, p- Berlin, jfiii. 




Fic. i.—tiraphs representifig total asli and individual ash constituents found in spinach tops from plots 
receiving the substances indicated. 
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such result. The greater absorption of sulphur trioxid occurs in the 
only plot treated with great quantities of sulphates, but the increase 
is not great. 

In some cases a marked increase in a given constituent accompanies 
the presence in excess of some other ion. This is seen in the plot treated 
with sodium sulphate, in which potassium absorption in both root and 
top is high. A similar result is seen in the plots treated with stable 
manure and with both acid and basic complete mixtures. On the 
other hand, potassium absorption is decreased in the acid-phosphate 
plot in both tops and roots. Potassium chlorid in excess also accom- 
panies a reduction of potash in the ash of both parts of the plant. 

Silica is greatest in plots receiving calcium carbonate and acid phos- 
phate, lowest in those dosed with sodium salts, and in the control plot. 

It is interesting to note that, although the manganous oxid content 
when referred to dry weight is small in all cases, it is consistently higher 
in the roots than in the tops, acid complete mixture excepted, this being 
the only constituent which is not more abundant in the tops than in 
the roots. 

RATIOS BETWEEN PAIRS OF CONSTITUENTS 

In a number of cases there seemed to be some evidence that a roughly 
reciprocal relation exists between pairs of constituents. This tendency 
was most marked in the plots receiving mixtures of salts. Thus, in 
general, when silica was high, potash was low in both tops and roots. 

The silica-potash ratios, as wprked out for the different plots, are 
summarized in Table II. 


TablU 11. — Silica-potash ratio in ash of spinach plants. Silica {Si02)=i 


Fertilizer. 


Sodium nitrate. . . . 
Sodium sulphate . . 
Sodium chlorid. .. . 
Potassium chlorid 
Calcium carbonate 
Acid phosphate. . . 

Complete acid 

Basic complete. . . . 

Manure 

Control 


Potash (K:0). 


Tops. 

Roots. 

r 


I. 16 

1. 84 

1-93 

I. 81 

•9S 

J-33 

I- S3 

I. 65 

.90 

.94 

.90 

•32 

I. 61 

I. 21 

2. 17 

1. 72 

2. 19 

1.85 

1.49 

2.32 


It will be ndted that, while both of these constituents belong to the 
group of the more variable ones, the ratio is less variable; silicia being 
unity, 'potash lies between i.oo and 2.00 in a majority of cases. In 
’plots receiving heavy doses of calcium-containing fertilizers (calcium 
carbonate and acid phosphate) as well as in the tops from the sodium- 
chlorid plot, the silica exceeds the potash. Again, potash has high 
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relative values, especially in the tops, in the plots to which tlie complete 
fertilizers were apjilied. 

The relation of polasli and soda is of particular interest itt view' of the 
halophytic nature of the spinach plant. It is perhaps worth noting in 
this connection that the sodium -|KUassiiini ratio varies over a wider 
range, something to be expected jx^rhaps in view of the greater variability 
in the quantities of these constituents present. In Table III these 
ratios are given, soda being unity, the values of ])otash appearing in the 
appropriate columns. 


TablU III. —Sodii- potash ratio in spittach a.sh. Soda (SaO.) ~i 


r«lt:lNll ) K;t 


Sodium nitrate 

Sodium sulphate 

Sodium chlorid 

Potiissiurn clilorid . . 
Calcium carUuialc 

Acid phosphate 

Acid complete 

Basic complete 

Manure 

Control 



1 K<xits, 

r. 49 


II- 5.? 

3 , 37 


1-37 

4 - 29 

4 - .-53 

4 - 24 

6, 46 


1. 78 

II. 14 

2. i;> 

i.^- i 

9. 92 

21. 70 

6. 51 

9-45 ' 

IQ. 43 


it will l)e seen that in abroad way, when the potasli is high in the 
ash, soda is low’, and vice versa. Potash, however, is always higher 
than soda, the excess being greater in the leaves tlian in the rotjts. 
High jjotash seen in the plot receiving sodium sulphate is accompanied 
by a very low’ soda content. The same is seen in the control as well as 
in lK)th acid and basic complete mixtures and in stable manure. High 
soda is seen in the plots treated with sodium clilorid, in which jxitash 
reaches its minimum, and in that receiving sodium nitrate. The control 
culture and that receiving acid phosphate show the same less strikingly. 
Potash is in greatest relative excess in the plots receiving the complete 
fertilizers. 

These results suggest the possibility that sodium may be able to 
perform some functions in the plant which are usually performed by 
potassium. It seems likely that by giving proper mixtures of the alkalis 
it might be possible without detriment to the plant to get along with 
less of the expensive potassium constituent, thus protecting the potassium 
in the soil. 

• • 

In view of the fact that calcium is usually found in the ash of a great 
majority of plants in considerably greater quantity than magne^unP it 
is of interest to note the quantities found in these spinach plants. 

> Loew, Oscar. Liifcit; op soils from a physiolooicax. standpoint. In U. S. Dept. Agr. Bur. Plant 
Indus. Bui. t. p, ^35. j5)ox. 
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It appears from data scattered through Wolff’s ^ tables that in some 
cases the magnesium content exceeds that of calcium, especially in the 
beet family. In the leaves of these plants the calcium usually much 
exceeds magnesium, while the reverse holds for the roots. In the 
analysis given by Wolff ^ lime exceeds magnesia in spinach in an ap- 
proximately 2 to I ratio. In Table IV the calcium-magnesium ratio is 
shown for each cx[Xirimental plot. 

T.af^i.k IV. — Calchim-magnesium ratio in ask of spinach plants' Lime {CaO)=i 


reitili/er. 


Sodium nitrate . . , 
Sodium sulphate. . 
Sodium chlorid. .. . 
Potassium chloric! 
Calcium carbonate 
Acid phosphate. .. 
Acid complete — 
Basic complete. . . . 

Manure 

Control 


Mapnesia (MgO). 


Tops. I Roots. 


r. 02 

T. 62 

r. 60 

1-37 

T.27 

T. 23 

I. 79 

r.87 

.90 

I. 07 

X. 18 

T. 29 

1-39 

I. 30 

I. 40 

I. 87 

I. 89 

1. 41 

I. 21 ■ 

: I- 13 


It will be noted _ that magnesia exceeds lime in every case, regardless 
of the nature of the substances applied, except in that of the tops in the 
])lot receiving lime, in which the lime exceeds the magnesia. Spinach 
seems to be even a more pronounced user of magnesium than the sugar 
beet. The field notes show that the plot receiving magnesium carbonate 
was somewhat better than that receiving calcium carbonate. Unfor- 
tunately no sample from the magnesium-carbonate plot was ashed. 

SUMJIARY 


Spinach plants grown on the grounds of the Virginia Truck Experi- 
ment Station at Norfolk in beds given heavy treatments of fertilizer 
salts, singly and in mixtures, ga\ e best results in plots receiving a com- 
plete mixture having a basic or neutral character in the soil (sodium 
nitrate, basic slag, and potassium sulphate) ; next best with acid phos- 
phate and with sodium sulphate ; poor in plots receiving heavy treatments 
of sodium chlorid, sodium nitrate, and acid complete mixture (i to 2 tons 
per acre) ; poorest with potassium chlorid. 

A study of the ash showed the highest total ash in the tops in plots 
with sodium cMorid, calcium carbonate, acid phosphate, and manure; 
lowest with potassium chlorid and basic complete mixture. The highest 
ash was in roots accompanied with acid phosphate and manure, the lowest 
with potassiunt chlorid and sodium salts. General excellent condition of 

* WoiFF. ii. -wcMEN-ANAi.vsBN. T. 3, p. A3rs°- Berlin. * WouF, E. or. cit, p. 128. 
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the crops docs not parallel higli asli absorption, the best and p(H)rest 
])lots having plants with low ash. 

Ash constituents fall into two groups: (i) those present in <juanlitios 
that show relatively little variation whatever be the clieniicals added 
to the soil- lime, magnesia, phosphorous penloxid, sulpliuf Irioxid, 
manganous oxid, aUimiiia, and ferric oxid; and (2) tiiost' which show 
great Ihictuntions in tlie quantity present- silica, ]>olash, and soda. 

In the lirst gropp the jdants seemed to be able to get (he required 
quaiititv of constituents mentioned from the soil of all ])h)ts studied 
whatever was offered in excess, and reached an etjuilibrium lliat was 
little atfeclcd by the varying conditions. 

In the sevond group wide variations occur, someliriu's with an increase 
of the ions offered in excess, as in sodium clilorid and stHlimn nitrate, 
soiiietiines bv the altsorption of something else, as increase in silica in 
plots receiving calcium carbonate and acid j.hosphate, 

Manganous oxid is the only const ituetit regularly present in greater 
proportion in the roots than in the trjps. 

In some cases the high absorption <yf one eonstitncnl is accompanied 
bv the low' absorpli(m of aiK^tlier, and \ ice versa. Such reciprocal ])airs 
arc silica and [Wtash, S(tda and lime, and ])otash and magnesia. 'I'lie 
silica-pf)tasli ratio is relatively steady. Wluni silica e(jnals 1, |)otash 
varies between 1.16 and 2.iS in the tops and between and 2.32 in 
the rrKJts, except when the sni)staiice adfled to the soil is Iiigii in calcium, 
when the \‘alno of potash becomes less than unity in both tops and roots. 

Tlie .soda-potash rati(j is Jiiiieh more \ aria hie, being alwavs more than 
I in lioth lops and iTK^ts. \\1ien mixtnn-s of sails aie added to the 
sf)il, potasfi rises to very high relatixe values. 

There is a suggestion that sodium inav jK-rffu in some fund ions also 
])erfonned by ])otassiiim, intlicaling the possibility that sralinm might 
in ]>art replace potassium in fertilizers. 

The calcium-magnesium ratio in s])inach, both in lea\’es and in roots, 
is exceptional in having a value greater than unity. 'I'he only excejdion 
is seen in the tops of plants receiving a heavy treatment with ealciiiin 
carbonate. This fact seems to suggest the practical iiiq)ortance of 
magnesium salts as fertilizers for spinach. 
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